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1. 

METHOD FOR ASSISTING IN REONING A 
VERTICAL DESCENT TRAJECTORY AND 

ASSOCATED DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to foreign French patent 
application No. FR 0905872, filed on Dec. 4, 2009, the dis 
closure of which is incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The invention relates to the field of aircraft navigation aid. 
Conventionally, aircraft are equipped with a flight computer 
called Flight Management System, better known by the acro 
nym FMS. The FMS is able to generate a flight plan defining 
the route that the crew of an aircraft plans to use to go from a 
departure position to a destination point, and the travel con 
ditions of this route. The route comprises a vertical trajectory 
and a lateral trajectory (respectively in the vertical plane and 
in the horizontal plane) and a speed profile. The speed profile 
is the set of values, taken along the route, by the speed com 
ponent of the aircraft relative to air in the horizontal plane. 
Hereinafter in the text, the term “speed' should be understood 
to mean the air speed component of the aircraft in the hori 
Zontal plane. The flight plan is calculated by considering a 
speed associated with each flight phase (take-off, cruising, 
descent, approach, landing). The speed associated with a 
flight phase corresponds to a CAS/MACH pairing. It is pro 
grammed for a given flight speed. The CAS and MACH 
relating to a flight phase vary if necessary according to the 
altitude and depend on an economic optimization criterion 
called Cost Index determined by the operator, the mass of the 
aircraft, the altitude and the temperature. The cost index is a 
criterion for optimization between costs of time CT and costs 
of fuel CF. Hereinafter in the text, we will use the expression 
"descent flight plan' to designate the portion of the flight plan 
extending between a horizontal start-of-descent position (in 
the horizontal plane) and a horizontal end-of-descent position 
that are predetermined. The descent flight plan comprises a 
Vertical trajectory, a lateral descent trajectory and a descent 
speed. The term "descent phase' designates the period during 
which the aircraft is, on the lateral descent trajectory, between 
the horizontal start-of-descent position and the horizontal 
end-of-descent position. 
The operational context of the present invention is situated 

during a descent phase in controlled air spaces with high 
traffic density. Air Traffic Control ATC may send the FMS of 
an aircraft flight instructions temporarily prohibiting it from 
following a downward trajectory if an aeroplane is located 
close by at a lower altitude, in order to satisfy an adequate 
spacing constraint between two aircraft. Since the aircraft is 
temporarily constrained to follow a level (that is to say, adopt 
a horizontal trajectory), a vertical deviation (in other words, a 
deviation in the vertical plane) appears between the aircraft 
and the vertical descent trajectory at the horizontal position 
occupied by the aircraft. 

BACKGROUND OF THE INVENTION 

Conventionally, when the aircraft receives, during the 
cruising phase when it is following the cruising level with a 
fixed cruising speed, a flight instruction prohibiting it from 
adopting a downward trajectory, the flight management sys 
tem. FMS guides the aircraft on the cruising level by main 
taining the cruising speed. When the aircraft is allowed to 
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2 
follow a downward trajectory, the FMS operates in vertical 
descent trajectory catch-up mode. There are various vertical 
descent trajectory catch-up modes, including a catch-up 
mode at minimum thrust with a target speed for catching up in 
level VCRP and a target speed for catching up in downward 
trajectory VCRD. When the FMS operates according to this 
catch-up mode, it sets the thrust of the engines and the control 
surfaces of the aircraft as follows: when the aircraft is con 
strained to follow a level, the FMS sets the position of the 
control Surfaces to guide the aircraft to a level and sets the 
thrust of the engines to its idle level when the speed V of the 
aircraft is greater than a target rejoining speed in level VCRP. 
and it adapts the thrust of the engines to keep the speed equal 
to the target rejoining speed in level VCRP when the speed of 
the aircraft reaches the target rejoining speed in level VCRP. 
When the aircraft is allowed to follow a downward trajectory, 
the FMS sets the thrust of the engines to its idle level and sets 
the control Surfaces so that the aircraft makes up, by acceler 
ating, a target rejoining speed in descent VCRD. In other 
words, the FMS sets the pitch angle of the aircraft so that it 
accelerates to a target rejoining speed in descent VCRD then 
maintains this target speed. 
When the aircraft has rejoined the vertical descent trajec 

tory, the FMS returns the speed of the aircraft to the descent 
speed value So that the aircraft rejoins the descent flight plan. 

However, in Vertical descent trajectory catch-up mode, the 
FMS varies the speed of the aircraft over a small speed range 
around the descent speed. In practice, conventionally, the 
target rejoining speed in level VCDP, respectively the target 
rejoining speed in descent VCRD, is equal to the descent 
speed downrated, respectively uprated, by 20knots. When the 
aircraft is constrained to remain for a long time on a level, a 
very wide excursion of the aircraft above the vertical descent 
trajectory may be generated. In this case, the piloting of the 
FMS in catch-up mode does not enable the aircraft to rejoin 
the descent flight plan early enough before the approach 
phase to guarantee the Success of the approach phase. Quite 
often, for the aircraft to catchup on the descent flight plan, the 
pilot is constrained to manually use the air brakes. However, 
the air brakes are great consumers of energy. This unneces 
sary consumption results from poor speed management. The 
airbrakes also generate vibrations that are uncomfortable for 
the passengers. Another Solution for rejoining the descent 
flight plan entails manually piloting the aircraft. This type of 
piloting presents the drawback of representing a significant 
workload for the crew which is already stressed in a descent 
phase. 

SUMMARY OF THE INVENTION 

The present invention provides a navigation aid method 
making it possible, when, in the descent phase, the aircraft is 
departing from the vertical descent trajectory, to ensure that 
the descent trajectory is caught up on rapidly while ensuring 
maximum comfort for the passengers and while minimizing 
fuel consumption, without increasing the pilot's workload. 
To this end, one subject of the invention is a method for 

assisting in rejoining a vertical descent trajectory that an 
aircraft is assumed to have to follow, said method using a 
flight management system FMS embedded onboard the air 
craft and comprising the following steps: 

calculation of a vertical deviation VDEV, in a vertical 
plane, between the aircraft and the vertical descent trajectory, 

comparison between the vertical deviation VDEV and a 
predetermined deviation threshold SVDEV. 
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when the vertical deviation VDEV reaches the deviation 
threshold SVDEV, a step during which the activation of an 
optimized mode for catching up on the vertical descent tra 
jectory is made possible, 

if the optimized mode for catching up on the vertical 
descent trajectory is activated, piloting of the aircraft by the 
flight management system FMS in optimized catch-up mode, 
that is to say at minimum thrust with a target rejoining speed 
in level VCRP and a target rejoining speed in downward 
trajectory, the target rejoining speed in level VCRP being 
equal to the maximum L/D ratio speed of the aircraft uprated 
by a first value V1 of between 5 and 15 knots, and the target 
rejoining speed in downward trajectory VCRD being equal to 
the maximum operating speed VMO downrated by a second 
value V2 of between 3 and 10 knots, a knot being equal to 
0.514 ms. 
The method according to the invention may comprise one 

of the following characteristics taken on its own or in com 
bination: 

the deviation threshold SVDEV is inversely proportional 
to the speed of variation of the deviation VVDEV. 

the step during which the activation of an optimized catch 
up mode is made possible is a step for providing the crew with 
a manual means of activating an optimized mode for catching 
up on the vertical descent trajectory, 

it comprises at least one step for activating the optimized 
mode for catching up on the vertical descent trajectory, 

in case of activation, it comprises a step for providing the 
crew with a manual means of deactivating the optimized 
catch-up mode, 

the step during which the activation is made possible is a 
step for automatic activation of the optimized mode for catch 
ing up on the vertical descent trajectory, 

it comprises at least a step for eliminating the manual 
activation means in case of activation of the optimized catch 
up mode and/or a step for eliminating the manual activation 
means when the aircraft rejoins the vertical descent trajectory, 

it comprises a step for automatically deactivating the opti 
mized catch-up mode when the aircraft rejoins the vertical 
descent trajectory while the optimized catch-up mode is acti 
vated and/or at least one step for manually deactivating the 
optimized catch-up mode by means of a manual deactivation 
means, 

in case of manual deactivation of the optimized mode for 
catching up on the vertical descent trajectory, when the air 
craft has not rejoined the vertical descent trajectory, there is a 
return to the step for provision of the activation means, 

the step for providing the crew with a means of activating 
an optimized mode for catching up on the vertical descent 
trajectory comprises a step for displaying, in a first area of a 
screen of a data display and input console MCDU also com 
prising a keyboard, a first information item informing the 
crew that it can activate an optimized catch-up mode and a 
step for configuring the first area so that, when the crew 
selects the first area by means of the keyboard, the optimized 
catch-up mode is activated, 

the step for providing a means of deactivating the opti 
mized catch-up mode comprises a step for displaying, in a 
second area of a screen of a data display and input console 
MCDU also comprising a keyboard, a second information 
item informing the crew that it can activate an optimized 
catch-up mode, and a step for configuring the second area so 
that, when the crew selects the second area by means of the 
keyboard, the optimized catch-up mode is activated, 

if the optimized catch-up mode is activated, the flight man 
agement system FMS calculates, when the aircraft is level, a 
maximum horizontal start-of-slope position from which the 
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4 
aircraft must begin to adopt a downward trajectory to be able 
to rejoin a next waypoint WP of the flight plan, with altitude 
constraint, by being piloted in optimized mode for catching 
up on the vertical descent trajectory, and displays, on a navi 
gation screen, the maximum start-of-slope position PM. 

Another subject of the invention is a method for assisting in 
rejoining a descent flight plan comprising a vertical descent 
trajectory and a lateral descent trajectory comprising the steps 
of a method for assisting in rejoining a vertical descent tra 
jectory comprising a step for decelerating to the descent 
speed when the aircraft has rejoined the vertical descent tra 
jectory. Another Subject of the invention is a method accord 
ing to the invention. 
The method according to the invention makes it possible to 

rejoin the vertical descent trajectory over a minimum ground 
distance, at little cost, with little stress to the crew. In practice, 
the method according to the invention makes it possible to 
limit the deviation between the aircraft and the vertical 
descent trajectory from the start of the descent phase even if 
the aircraft has not begun the descent, when the optimized 
catch-up mode has been activated. The aircraft offers a wide 
speed-reduction margin on levels and can accelerate, in 
downward trajectory, over a wide range of speeds which 
enables it to converge effectively towards the vertical trajec 
tory of the descent flight plan. Moreover, this method makes 
it possible to catchup on the descent flight plan with an engine 
speed set to idle for as long as possible, which generates fuel 
savings. Furthermore, since it is anticipative and uses accel 
erations over wide speed ranges, it minimizes the use of the 
air brakes for catching up on the descent flight plan. Imple 
menting this method is inexpensive; it requires only a specific 
programming of the flight management system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will become 
apparent from reading the following detailed description, 
given as a nonlimiting example, and with reference to the 
appended drawings in which: 

FIG. 1 diagrammatically represents an aircraft navigation 
aid device, 

FIG. 2 represents the steps of a first embodiment of the 
method according to the invention, 

FIG.3 represents an exemplary vertical trajectory followed 
by an aircraft according to its position on the lateral trajectory, 

FIG. 4 represents an onboard console showing a screen 
displaying information according to which the optimized 
catch-up mode can be activated, 

FIG. 5 represents an onboard console showing a screen 
displaying information according to which the optimized 
catch-up mode can be deactivated, 

FIG. 6 represents an exemplary display on a navigation 
screen. From one figure to another, the same items are iden 
tified by the same references. 

DETAILED DESCRIPTION 

Conventionally, an aircraft is equipped with a navigation 
aid device 1 embedded onboard the aircraft as represented in 
FIG. 1, comprising a flight management system FMS, 2 (or 
flight computer), conventionally comprising: 

location means LOCNAV, 170, for locating the aircraft, by 
calculating the position POS and the speed V of the aircraft, 
based on information transmitted by geolocation means 
GEO, 220; 
means 110 MEM for storing flight parameters comprising 

geographic elements of the flight plan, forming the skeleton 
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of the route to be followed, standardized data essential to the 
construction of the flight plan, aerodynamic and engine 
parameters of the aircraft representative of the aircraft per 
formance characteristics, 

calculation modules 120, 140 for constructing the flight 
plan, from data stored in the storage means MEM110, said 
calculation means 120, 140 comprising a module for con 
structing a lateral trajectory TRAJ, 120, for constructing a 
continuous lateral trajectory from the data stored in the Stor 
age means MEM110, and comprising a module for construct 
ing a vertical trajectory PRED, 140 for constructing a vertical 
trajectory optimized to the lateral trajectory and observing the 
constrains stored in the storage means MEM110, 

a guidance module GUID 190, for generating guidance 
commands making it possible to guide the aircraft in the 
horizontal and Vertical planes along the flight plan, while 
optimizing its speed, 

a digital datalink system DATLINK 180, enabling the 
flight management system FMS, 2, to communicate with air 
traffic control stations ATC, 370. 

The flight management system FMS, 2, also comprises 
calculation means ECART, 200, for calculating, at regular 
time intervals, the vertical deviation VDEV defined previ 
ously between the aircraft and the vertical descent trajectory. 
A flight management system also conventionally comprises 
comparison means COMP, 210, for regularly comparing the 
vertical deviation VDEV to a predetermined deviation thresh 
Old SVDEV. 
The flight management aid device comprises, linked to the 

flight management system FMS, 2, a human-machine inter 
face IHM 300 comprising: 

a flight control box, or flight control unit FCU, 240, com 
prising means CONS, 250, for sending flight instructions to 
the flight management system, FMS, 2. 

a data display and input console, or multipurpose control 
display unit, MCDU, 3, comprising a screen 5 enabling the 
FMS to communicate information to the crew and manual 
input means 4, enabling the crew to transmit data to the flight 
management system FMS, 2. 

a navigation screen ND, 6, able to display elements of the 
flight plan, 

an automatic piloting device PA, 230, via which the FMS, 
2, is able to pilot the aircraft when the latter is configured in 
automatic piloting mode. More specifically, the guidance 
module GUID, 190 of the FMS, 2, transmits guidance com 
mands comprising, for example, speed, thrust, and slope 
instructions and the automatic piloting device interacts with a 
flight control computer which controls the control Surfaces so 
that the aircraft follows the speed instruction and with an 
engine computer which controls the thrust of the engines so 
that the aircraft follows a speed instruction or a thrust instruc 
tion. In a variant, the FMS transmits the speed and thrust 
instructions to an auto-thrust device, not represented, which 
sets the thrust of the engines via the engine computer. The 
pilot automatically sets the control Surfaces to satisfy the 
guidance instruction. A control loop servocontrols the thrust 
of the engines and the setting of the control Surfaces to the 
guidance instructions. 

FIG. 2 shows steps of a first embodiment of the method for 
assisting in catching up on the vertical descent trajectory 
according to the invention. The method is implemented in the 
descent phase. It comprises the following steps: 

calculation 10, by means of the flight management system 
FMS, 2, of a vertical deviation VDEV, between the aircraft 
and the vertical descent trajectory, 
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6 
comparison 11, by means of the flight management system 

FMS, 2, of the vertical deviation VDEV with a predetermined 
vertical deviation threshold SVDEV, 
when the vertical deviation VDEV exceeds the vertical 

deviation threshold SVDEV, a step 12 during which the acti 
Vation of an optimized mode for catching up on the vertical 
descent trajectory is authorized, 

if the optimized catch-up mode is activated 13, by the crew, 
a step 14 for optimized catching up on the vertical descent 
trajectory, as defined previously, during which the FMS, 2. 
pilots the aircraft invertical descent trajectory catch-up mode 
with a minimum engine thrust, a target speed for catching up 
in level VCRP and a target speed for catching up in downward 
trajectory VCRD. In the method according to the invention, 
the target speed for rejoining in level VCRP is equal to the 
maximum L/D ratio speed of the aircraft uprated by a first 
value V1 of between 5 and 15 knots and a target rejoining 
speed in downward trajectory VCRD is equal to the maxi 
mum operating speed VMO downrated by a second value V2 
of between 3 and 10 knots. A knot is equal to 0.514 m/s. The 
value of the deviation threshold SVDEV is preferably greater 
than or equal to approximately 700 feet and, for example, 
equal to 700 feet. A foot, or ft, is the unit of measurement of 
the English system. An English foot (ft) is equal to 304.8 mm. 

In other words, during the optimized catch-up, when the 
aircraft is constrained to follow a level, it slows down to the 
target rejoining speed in the level VCRP and when it is 
allowed to follow a downward trajectory, it adopts a down 
ward trajectory by accelerating to the target rejoining speed in 
downward trajectory VCRD. 

In the first embodiment of the method represented in FIG. 
1, the step 12 during which the activation of an optimized 
mode for catching up on the Vertical descent trajectory is 
authorized, is a step during which the crew is provided with a 
manual means for activating an optimized catch-up mode. In 
a second embodiment, the step 12 for authorizing the activa 
tion is a step 13 for activating the optimized mode for catching 
up on the vertical descent trajectory. In this embodiment, the 
optimized catch-up mode remains activated until the aircraft 
rejoins the vertical rejoining trajectory. Advantageously, the 
method comprises a step 15b for eliminating the means of 
activating the optimized catch-up mode, for example at the 
time of activation 13 of the optimized catch-up mode or when 
the aircraft rejoins the vertical descent trajectory. Thus, as 
long as the optimized catch-up mode is not activated and the 
aircraft has not rejoined the vertical descent trajectory, the 
activation means is available even if the vertical deviation 
VDEV drops back below the threshold SVDEV. 

Advantageously, a manual means of deactivating the opti 
mized catch-up mode is made available 15 to the crew. This 
step is advantageously implemented in case of activation 13. 
The deactivation means is advantageously available when the 
optimized catch-up mode is activated. Advantageously, in 
case of deactivation 16 of the optimized catch-up mode, the 
method comprises a step 17 for eliminating the means of 
deactivating the optimized catch-up mode. The deactivation 
16 can be done manually by the crew or automatically when 
the aircraft rejoins the vertical descent trajectory (vertical 
descent profile) when the optimized catch-up mode is acti 
vated. The aircraft is considered to have rejoined the vertical 
descent trajectory when the vertical deviation VDEV is less 
than or equal to a predetermined tolerance threshold T. The 
manual deactivation 16 is done by means of the means of 
deactivating the optimized catch-up mode or by means of the 
means for configuring the aircraft in manual piloting mode (in 
which it is the crew that pilots the aircraft). In a variant, the 
method does not include any step 15 for providing a means of 
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deactivating the optimized mode for catching up on the flight 
plan when the optimized catch-up mode is activated 13, the 
optimized catch-up mode is automatically deactivated upon 
rejoining the vertical descent trajectory. 

In case of deactivation 16 of the optimized catch-up mode, 
or when the latter has not been activated, the aircraft is either 
piloted automatically or piloted by the FMS. The FMS pilots 
the aircraft according to the operating mode in which it is 
initially configured before activation 13 of the optimized 
catch-up mode. For example, the FMS pilots the aircraft in 
catch-up mode like in the state of the art described previously. 
If the crew of the aircraft deactivates 16 the optimized catch 
up mode and the aircraft has not rejoined the vertical descent 
trajectory, there is, advantageously, a return to step 12 for 
provision of the activation means (this return is not repre 
sented in FIG. 5). The method may thus comprise a series of 
activations and deactivations of the optimized catch-up mode. 

In a variant of the method according to the invention, the 
step 12 for authorizing the activation takes place when the 
vertical deviation VDEV exceeds the vertical deviation 
threshold SVDEV, only if the aircraft is configured in auto 
matic piloting mode. 
We will now explain more specifically the method accord 

ing to the first embodiment of the invention, and notably the 
step 14 for optimized catching up on the vertical descent 
trajectory. We have diagrammatically represented in FIG. 3 
an example of Vertical descent trajectory (in bold lines) and 
vertical trajectory followed by the aircraft (thin unbroken 
line), according to the position P of the aircraft on the lateral 
trajectory between a horizontal start-of-descent position Pi 
and a horizontal end-of-descent position Pf. Between these 
positions, the aircraft is assumed to follow the lateral descent 
trajectory. The vertical descent trajectory is preceded by a flat 
Vertical trajectory represented by dotted lines corresponding 
to the level followed by the aircraft during the cruising phase. 
We assume that, during the cruising phase, the aircraft is 

configured in automatic piloting mode and that it is guided 
with a cruising speed Vc on a level (in horizontal trajectory), 
this level being called cruising level. At the reception position 
P, an air traffic control unit ATC sends to the FMS, 2, via the 
digital datalink DATALINK, 180, a flight instruction prohib 
iting it from adopting a downward trajectory until it has 
received a reverse instruction. In a variant, the crew sends 
instructions to the FMS by means of the means CONS, 250. 

Thus, when the aircraft arrives at the initial descent posi 
tion Pi, the FMS continues to guide the aircraft on the cruising 
level while following the lateral descent trajectory which 
causes a vertical deviation to be created between the aircraft 
and the vertical descent trajectory. The FMS regularly calcu 
lates the vertical deviation VDEV. Advantageously, the value 
of the deviation VDEV is displayed on the screen 5 of the 
console 3. When, at the position Po, the vertical deviation 
VDEV exceeds the predetermined threshold SVDEV, the 
FMS makes available 12 to the crew a means of activating the 
optimized catch-up mode. This step comprises, for example, 
as represented in FIG.4, a step for displaying, in a first area Z1 
of the screen 5 of the console MCDU, 3, a first information 
item 11 (in this case “SPD TO PATH) informing the crew 
that it can activate an optimized catch-up mode. This step 12 
also includes a step for configuring the area Z1 so that, when 
the crew presses the key 4Z1 of the keyboard 4 which is 
adjacent to the area Z1, that is to say, when the crew selects the 
area Z1 by means of the keyboard 4, the FMSs optimized 
catch-up operating mode is triggered. 

In case of activation 13 of the optimized catch-up mode, as 
represented in FIG. 5, step 15 for provision of a deactivation 
means comprises a step for displaying, in a second area Z2, a 
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second information item 12 informing the pilot that he can 
deactivate the optimized catch-up mode (in this case “CAN 
CEL SPEED TO PATH) and a step for configuring the sec 
ond display area Z2 so that, when the crew presses the key 
4Z2 of the keyboard 4 which is situated facing the area Z2. 
that is to say, when the crew selects the area Z2 by means of 
the keyboard 4, the FMSs optimized catch-up operating 
mode is deactivated. In the example represented in FIGS. 3 
and 4, the first area Z1 is identical to the second area Z2, the 
information item 12 replaces the information I1. These areas 
may differ. It is conventionally the FMS which controls the 
display of information on the onboard console MCDU and 
that drives the configuration of the display areas. To sum up, 
the activation and deactivation means are included in the 
onboard console MCDU and interact with the FMS. 

In a variant, the navigation aid device initially comprises 
means of activating and deactivating the optimized catch-up 
mode. The provision and, respectively, the elimination of the 
activation and deactivation means correspond to the unlock 
ing and, respectively, the locking of the corresponding means. 
When a means is locked (unlocked) it does not communicate 
(it communicates) with the FMS. 

It is assumed that the user activates the optimized catch-up 
mode at the horizontal position P. Between the position P. 
and the position P, the flight management system FMS, 2. 
guides the aircraft on the cruising level with a minimum thrust 
of the engines of the aircraft by considering a target rejoining 
speed in level that is little different from the maximum L/D 
ratio speed as defined previously. In other words, the aircraft, 
constrained to follow the cruising level, slows down to VCRP 
to limit the increase in time of the vertical deviation between 
the aircraft and the descent flight plan. The method according 
to the invention makes it possible to limit the deviation 
between the aircraft and the flight plan very early during the 
descent phase even before having begun to descend. The 
maximum L/D ratio speed is the speed which guarantees lift 
in the air with an acceptable margin protecting against stall 
ing. Since this speed is very low, the aircraft has a wide margin 
for reducing speed on the level. In practice, regardless of the 
altitude concerned, the descent speed is greater than the maxi 
mum L/D ratio speed of the aircraft. A typical aircraft pre 
sents at 30 000 feet (ft) a descent speed of around 300 knots, 
and a maximum L/D ratio speed of around 190 to 200 knots. 
The target rejoining speed in the level is a little greater than 
the maximum L/D ratio speed so as to avoid, in an area of 
turbulence, the aircraft reaching a speed below the maximum 
L/D ratio speed which would cause the aircraft to stall. 
At the point P, the crew sends to the FMS, 2, a flight 

instruction authorizing the aircraft to adopt a downward tra 
50 jectory, by means of the means CONS, 250. The FMS sets the 
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thrust of the engines to idle and sets the pitch angle (or 
inclination relative to the ground) of the aircraft so that the 
aircraft makes up a target rejoining speed in descent VCRD 
by accelerating. In other words, as can be seen in FIG. 3, as 
long as the speed V is below the target descent speed VCRD, 
the aircraft has a significant pitch angle (significant inclina 
tion relative to the ground) and when the target descent speed 
VCRD is reached at the point P, the FMS adjusts the pitch 
angle of the aircraft to keep the speed V equal to the target 
rejoining speed in descent VCRD. The pitch angle responds 
to a closed guidance law loop, which servocontrols the speed 
of the aircraft to the target rejoining speed in descent VCRD 
a little below the maximum operating speedVMO. The maxi 
mum operating speed VMO is greater, whatever the altitude, 
than the descent speed of the aircraft. For example, the air 
craft already cited presents, at 30 000 feet, a maximum oper 
ating speed VMO of around 350 knots. The aircraft can thus 
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be allowed to accelerate over a wide speed range to a high 
target speed VCRD, which makes it possible to converge 
rapidly (that is to say, over a minimum distance) with the 
Vertical trajectory of the descent flight plan. The target rejoin 
ing speed in downward trajectory VCRD is chosen to be a 
little less than the maximum operating speed VMO which is 
the maximum speed with which the aircraft is allowed to fly, 
and a check will be made to ensure that a gust of wind does not 
bring the aircraft above the maximum operating speed. To 
sum up, the descent VCRD and level VCRP rejoining speeds 
are chosen to be as far apart from one another as possible. 

During the descent phase, the aircraft may follow a Succes 
sion of levels and downward trajectories. However, the maxi 
mum L/D ratio speed decreases when the altitude of the 
aircraft decreases and the maximum operating speed VMO 
increases when the altitude of the aircraft decreases. Thus, in 
optimized catch-up mode, the deviation between the target 
rejoining speed in level VCRP and the target rejoining speed 
in downward trajectory VCRD increases when the aircraft 
descends. The aircraft has an acceleration reserve that 
becomes all the greater when the aircraft is at low altitude. At 
low altitude, the aeroplane can therefore fly with a greater 
slope because the range of speeds that can be used is greater 
(VMO is greater and the difference between the target descent 
and levels speeds is greater.) 
When the aircraft rejoins the vertical descent trajectory at 

the point P, the optimized catch-up mode is automatically 
deactivated. The flight management system FMS, 2, elimi 
nates 17, the means of deactivating the optimized catch-up 
mode (it deletes the information 12 and changes the configu 
ration of the associated area Z2). The FMS guides the aircraft 
along the route associated with the descent flight plan. It 
adjusts the speed V to the speed determined by the descent 
flight plan. Thus, the aircraft rejoins the descent flight plan. 
This is a step for deceleration to the descent speed. 

In a variant, the step 10 for calculating the deviation VDEV 
is coupled with a step for calculating the speed of variation of 
the deviation VVDEV and the deviation threshold SVDEV 
depends on the speed of variation of the deviation. Advanta 
geously, the deviation threshold SVDEV decreases when the 
speed of variation of the deviation VVDEV increases. Thus, 
the pilot is given the possibility of more rapidly activating the 
optimized catch-up mode when the deviation increases rap 
idly. By activating the optimized catch-up mode right at the 
start of a level, the increase in the deviation is limited for a 
maximum amount of time and there is a greater reserve of 
kinetic energy available for rejoining the vertical descent 
trajectory. 

The lateral trajectory and the vertical trajectory of a descent 
flight plan conventionally pass through waypoints WP, WP 
WP which are altitude-constrained as represented in FIG. 6 
which represents an exemplary display on the navigation 
screen ND, 6, displaying the lateral descent trajectory 8 and 
the position of the aircraft 9. A waypoint WP, altitude-con 
strained, is defined by a horizontal position and a vertical 
position (altitude) that are predefined. 

In optimized catch-up mode, the FMS conventionally cal 
culates, when the aircraft is level, a maximum horizontal 
start-of-slope position PM from which the aircraft must begin 
to adopt a downward trajectory to be able to rejoin the next 
waypoint in optimized catch-up mode. The FMS advanta 
geously displays this position PM on the navigation screen 
ND, 6 in order to notify the pilot thereof, so that the pilot can 
make the appropriate arrangements if he reaches this point. 
The invention claimed is: 
1. A method for assisting in rejoining a vertical descent 

trajectory that an aircraft is assumed to have to follow, said 
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10 
method using a flight management system FMS embedded 
onboard the aircraft, comprising the following steps: 

calculation of a vertical deviation VDEV, in a vertical 
plane, between the aircraft and the vertical descent tra 
jectory, 

comparison between the vertical deviation VDEV and a 
predetermined deviation threshold SVDEV. 

when the vertical deviation VDEV reaches the deviation 
threshold SVDEV, a step during which the activation of 
an optimized mode for catching up on the vertical 
descent trajectory is made possible, and 

if the optimized mode for catching up on the vertical 
descent trajectory is activated, piloting of the aircraft by 
the flight management system FMS in optimized catch 
up mode, that is to say at minimum thrust with a target 
rejoining speed in level VCRP and a target rejoining 
speed in downward trajectory VCRD, the target rejoin 
ing speed in level VCRP being equal to the maximum 
L/D ratio speed of the aircraft uprated by a first value V1 
of between 5 and 15 knots, and the target rejoining speed 
in downward trajectory VCRD being equal to the maxi 
mum operating speed VMO with which the aircraft is 
allowed to fly downrated by a second value V2 of 
between 3 and 10 knots, a knot being equal to 0.514 
ms'. 

2. The method for assisting in rejoining a vertical descent 
trajectory according to claim 1, in which the deviation thresh 
old SVDEV is inversely proportional to the speed of variation 
of the deviation VVDEV. 

3. The method for assisting in rejoining a vertical descent 
trajectory according to claim 1, in which the step during 
which the activation of an optimized catch-up mode is made 
possible is a step for providing the crew with a manual means 
of activating an optimized mode for catching up on the Ver 
tical descent trajectory. 

4. The method for assisting in rejoining a vertical descent 
trajectory according to claim 1, further comprising at least 
one step for activating the optimized mode for catching up on 
the vertical descent trajectory. 

5. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, in which, in case of activation, 
the method comprises a step for providing the crew with a 
manual means of deactivating the optimized catch-up mode. 

6. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, in which the step during 
which the activation is made possible is a step for automatic 
activation of the optimized mode for catching up on the Ver 
tical descent trajectory. 

7. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, further comprising at least a 
step for eliminating the manual activation means in case of 
activation of the optimized catch-up mode and/or a step for 
eliminating the manual activation means when the aircraft 
rejoins the vertical descent trajectory. 

8. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, further comprising a step for 
automatically deactivating the optimized catch-up mode 
when the aircraft rejoins the vertical descent trajectory while 
the optimized catch-up mode is activated and/or at least one 
step for manually deactivating the optimized catch-up mode 
by means of a manual deactivation means. 

9. The method for assisting in rejoining a vertical descent 
trajectory according to claim 8, in which in case of manual 
deactivation of the optimized mode for catching up on the 
vertical descent trajectory when the aircraft has not rejoined 
the vertical descent trajectory, there is a return to the step for 
provision of the manual activation means. 
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10. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, in which the step for provid 
ing the crew with a means of activating an optimized mode for 
catching up on the vertical descent trajectory comprises a step 
for displaying, in a first area of a screen of a data display and 5 
input console MCDU also comprising a keyboard, a first 
information item informing the crew that it can activate an 
optimized catch-up mode and a step for configuring the first 
area so that, when the crew selects the first area by means of 
the keyboard, the optimized catch-up mode is activated. 

11. The method for assisting in rejoining a vertical descent 
trajectory according to claim 4, in which the step for provid 
ing a means of deactivating the optimized catch-up mode 
comprises a step for displaying, in a second area of a screen of 
a data display and input console MCDU also comprising a 
keyboard, a second information item informing the crew that 
it can activate an optimized catch-up mode, and a step for 
configuring the second area so that, when the crew selects the 
second area by means of the keyboard, the optimized catch 
up mode is activated. 

12 
12. The method for assisting in rejoining a vertical descent 

trajectory according to claim 1, in which, if the optimized 
catch-up mode is activated, the flight management system 
FMS calculates, when the aircraft is level, a maximum hori 
Zontal start-of-slope position from which the aircraft must 
begin to adopt a downward trajectory to be able to rejoin a 
next waypoint WP of the flight plan, with altitude constraint, 
by being piloted in optimized mode for catching up on the 
Vertical descent trajectory, and displays, on a navigation 
screen, the maximum start-of-slope position PM. 

13. A method for assisting in rejoining a descent flight plan 
comprising a vertical descent trajectory and a lateral descent 
trajectory comprising the steps of a method for assisting in 
rejoining a vertical descent trajectory according to claim 1, in 
which, when the aircraft has rejoined the vertical descent 
trajectory, it comprises a step for decelerating to the descent 
speed. 

14. A navigation aid device comprising means suitable for 
implementing a method according to claim 1. 

k k k k k 


